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OPTICAL RECORDING MEDIUM, AND
SPUTTERING TARGET AND METHOD FOR
PRODUCING THE SAME

TECHNICAL FIELD

This disclosure relates to a write-once-read-many
(WORM) optical recording medium enables to be recorded at
high density with high sensitivity over a wavelength range for
blue laser, and specifically relates to a write-once-read-many
optical recording medium for high recording sensitivity and
high linear velocity recording, and a sputtering target for
forming an oxide containing-recording layer in the optical
recording medium, and a method for producing the sputtering
target.

BACKGROUND ART

In order to provide optical recording media which enable to
be recorded and reproduced over a blue laser wavelength
range or shorter wavelength range, blue laser beams enabling,
ultra-high density recording have been rapidly developed
along with development of a recordable optical recording
media to which such blue laser beams can be used.

The inventors of the present invention propose the avail-
ability of an optical recording media having a recording layer
which primarily contains a metal oxide or a half metal oxide,
particularly bismuth oxide (Patent Literatures 1 to 4) as write-
once-read-many optical recording media enabling to be
recorded at high density over a wavelength range for blue
laser. In Patent Literature 5 and the like, the applicant of the
present invention proposes that a write-once-read-many opti-
cal recording medium having a Bi—B—O (oxygen) contain-
ing-recording layer exhibits still better properties (hereinat-
ter, a technology relating to these application are referred to as
“applicant’s conventional technologies™).

In the applicant’s conventional technologies, the write-
once-read-many optical recording media have been con-
firmed to have excellent recording and reproducing property.

Besides the above-described applicant’s conventional
technologies, Patent Literature 6 discloses an optical record-
ing medium having a recording layer which primarily con-
tains bismuth oxide, but does not contain B.

Optical discs have been developed on high density record-
ing and speeding up of recording. In conventional DVD high
density has been achieved by providing two layers, and opti-
cal discs recordable at 16x are available in terms of speeding
up of recording. Optical discs using a blue laser diode may
also be developed for high velocity recording. Thus, optical
recording media for high velocity recording are beginning to
be developed.

However, high velocity recording has not been considered
in the applicant’s conventional technologies. Patent Litera-
ture 6 has an object to improve recording and reproducing,
property and reliability (reproduction stability and storage
stability), and a material 1n which various elements X are
added to bismuth oxide 1s considered. However, in all
Examples one element X 1s added to the bismuth oxide and
does not contain B, and specific examples of materials 1n
which two or more of the elements X are added to the bismuth
oxide are not disclosed.

The sputtering method has been widely known as one of
the vapor-phase deposition techniques for producing a thin
layer. The method 1s also used in an industrial thin layer
production. In the sputtering method, a target material which
has the same component as a layer to be formed 1s prepared.
Normally, argon gas 1on which 1s generated by means of glow
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discharge 1n the target material 1s then allowed to collide with
this target material with the result that the constituent atoms

ol the target material are hammered out, and atoms are accu-
mulated on the substrate thereby forming a layer. In particu-
lar, since oxides generally have high melting points, a method
such as vapor deposition 1s not preferably used and thus a
radio frequency sputtering that applies a high frequency 1s
often used. The sputtering method has achieved satisfactory
results 1n the production process and 1s advantageous 1n a
point of through-put. However, 1n the case where alayer made
ol a material contaiming two or more elements 1s deposited,
the resultant layer often has a different composition from its
sputtering target, thus the composition of the target has to be
considered. Furthermore, the structure and the quality of the
layer often differ depending on the form of the compound
making up the target; thus, 1t 1s also necessary to consider the
form of the compound.

Furthermore, it 1s also required to further improve a layer
deposition rate from the viewpoint of the production cost. For
improvement of the layer deposition rate, it 1s necessary to
introduce larger power. In this case as well, 1t 1s necessary to
improve the target strength so as to avoid breaking of the
target.

For example, Patent Literature 7 discloses a B1,0,-based
glass-like target containing B,O,. However, the glass-like
target 1n Patent Literature 7 inevitably contains S10,, and 1s
different 1n components from the target of the present inven-
tion.

Optical recording requires high density recording as well
as high linear velocity recording to improve information
transier speed. High linear velocity recording needs higher
recording sensitivity than low linear velocity recording. How-
ever, the applicant’s conventional technologies have not been
limited on recording linear velocity, and may not be suitable
for high linear velocity recording.

The form and structure of a compound and impurities
making up a sputtering target for a recording layer afiects a
composition and crystal structure of the recording layer to be
tormed. Therefore, the compounds making up the sputtering
target 1s made suitable for properties of a desired recording
layer.

Patent Literature 1: Japanese Patent Application Laid-
Open (JP-A) No. 2003-48375

Patent Literature 2: JP-A No. 2005-161831
Patent Literature 3: JP-A No. 2005-108396
Patent Literature 4: JP-A No. 2006-116948
Patent Literature 5: JP-A No. 2006-247897
Patent Literature 6: Japanese Patent (JP-B) No. 3802040
Patent Literature 7: JP-A No. 2005-264206

SUMMARY

In an aspect of this disclosure, there 1s provided a write-
once-read-many optical recording medium having high sen-
sitivity and suitable for high linear velocity recording, and a
sputtering target having high packing density and high pro-
ductivity and high strength during layer formation, capable of
improving layer deposition rate and suitable for producing
the write-once-read-many optical recording medium, and a
method for producing the sputtering target.

The inventors have already devised a write-once-read-
many optical recording medium having a recording layer
which primarily contains Bi1, B and O (oxygen) as described
above. However they have diligently conducted experiments
to further improve sensitivity and linear velocity recording,
property, by adding at least one element X selected from Ge,

L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn, and N1 to Bi, B and O
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(oxygen) so as to control changes 1n the oxygen binding state

and changes 1n optical absorption efficiency.
Various other aspects and features and can included, such

as, for example, the following:

<1> An optical recording medium containing a substrate and
a recording layer over the substrate, wherein the recording
layer primarily contains B1 and O, and further contains B
and at least one element X selected from Ge, L1, Sn, Cu, Fe,
Pd, Zn, Mg, Nd, Mn and Ni.

<2> The optical recording medium according to <1>,
wherein the recording layer contains Bi, B, O and Ge.

<3> The optical recording medium according to <1>,
wherein the recording layer contains B1, B, O and Sn.

<4> The optical recording medium according to any one of
<1>to <3>, further containing a first protective layer and a
second protective layer, wherein the first protective layer 1s
disposed on one surface of the recording layer and the
second protective layer 1s disposed on the other surface of
the recording layer.

<5> The optical recording medium according to <4>,
wherein each of the first protective layer and the second
protective layer contains a sulfide, oxide, nitride, carbide or
composite thereof.

<6> The optical recording medium according to any one of
<4>to <5>, wherein at least one of the first protective layer
and the second protective layer contains the sulfide.

<[> The optical recording medium according to <6>,
wherein at least one of the first protective layer and the
second protective layer contains ZnS and S10,,.

<8> The optical recording medium according to any one of
<6> and <7>, wherein at least a retlective layer, the first
protective layer, the recording layer, and the second pro-
tective layer, and a cover layer are disposed over the sub-
strate 1n thus order.

<9> The optical recording medium according to any one of
<6> and <7>, wherein at least the second protective layer,
the recording layer, the first protective layer and a reflective
layer are disposed over the substrate 1n this order.

<10> A sputtering target contaiming B1, B and at least one
clement X selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg,

Nd, Mn and Ni.

<11> The sputtering target according to <10>, further con-
taining O, wherein the sputtering target primarily contains
Bi1 and O.

<12> The sputtering target according to <11>, wherein the
sputtering target contains Bi, B, O and Ge.

<13> The sputtering target according to <11>, wherein the
sputtering target contains Bi, B, O and Sn.

<14> The sputtering target according to any one of <11> to
<13>, wherein the sputtering target contains a composite
oxide of B1 and B.

<15> The sputtering target according to any one of <11> to
<14>, wherein the sputtering target contains a composite
oxide of Bi1 and the element X.

<16> The sputtering target according to <15>, wherein the
sputtering target contains B1,,GeQ,,.

<1’7> The sputtering target according to any one of <11>to
<16>, wherein the sputtering target contains B1 and O, and
further contains B and at least one element X selected from
Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn and N1, which are
contained as an oxide, and the oxide contains oxygen
smaller than the stoichiometric composition.

<18> The sputtering target according to any one of <10> to
<17>, wherein the sputtering target has a packing density
of 75% to 99%.

<19> A method for producing the sputtering target according
to any one of <10> to <18> including mixing, pulverizing
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and granulating a powder of B1,0;, a powder of B,O; and
a powder of at least one element X selected from Ge, L1, Sn,
Cu, Fe, Pd, Zn, Mg, Nd, Mn and N1 in a condition that they
are free from water absorption so as to form granulated
powders, and sintering the granulated powders by heating
and pressing.

<20> A method for producing the sputtering target according
to any one of <10> to <18> including mixing a powder of
B1,0,, a powder of B,O, and a powder of at least one
clement X selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg,
Nd, Mn and N1 1n a condition that they are free from water
absorption so as to form mixed powders; pulverizing and
granulating the mixed powders at a temperature between
the melting point of B, O, and the melting point of B1,0, so
as to form granulated powders; molding the granulated
powders by heating and pressing so as to form a molded
article; and sintering the molded article without pressing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an explanatory drawing of an optimum recording,
pPOWEL.

FIG. 2 shows changes 1n the optimum recording power
with changes i Ar tlow rate during recording layer deposi-
tion.

FIG. 3 shows an X-ray diffraction spectrum (pattern) of the
crystal structure of Sputtering Target 1.

FIG. 4 shows results of Example 22.

FIG. 5 shows an example of a layer configuration of an
optical recording medium according to HD DVD-R standard.

FIG. 6 shows an example of a layer configuration of an
optical recording medium according to BD-R standard.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

(Optical Recording Medium)

An optical recording medium of the present invention con-
tains a substrate and at least a recording layer over the sub-
strate, and further contains other layers as necessary.

The recording layer primarily contains B1 and O (oxygen
atom), and further contains B and at least one element X
selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn and Ni.

Here, the “primarily contain” means that O makes up 35
atomic % to 62 atomic % of all elements constituting the
recording layer, and that when the total content o1 B1, B and X
1s assumed to be 100 atomic %, B1 makes up 35 atomic % to
90 atomic %, and preferably 60 atomic % to 75 atomic %. In
this case, B makes up 10 atomic % to 55 atomic %, and
preferably 20 atomic % to 30 atomic %, and X makes up 2
atomic % to 40 atomic %, and preferably 5 atomic % to 15
atomic %.

The recording layer preferably consists of the following
compound represented by formula:

Bi— B, X0,

o

wherein a, b, ¢ and d represents atomic % of respective
element: a 1s 27 atomic % to 34 atomic %; b 1s 9 atomic % to
14 atomic %:; c1s 2 atomic % to 7 atomic %; and d 1s 55 atomic
% to 62 atomic %, a+b+c+d=100 atomic %, and X represents
at least one element selected from Ge, L1, Sn, Cu, Fe, Pd, Zn,
Mg, Nd, Mn and Nu.

Examples of the element X include Sr, Ba, Ca, Mo, W, Co,
S1, In, T1, Ga, Zr, Cr, HI, K, Na, Ag, P, Ta, Y, Nb, Al, V, Sb, Te
and Lanthanide series elements other than Nd.

When an element such as Ge, Sn or L1 having formation
enthalpy lo (a measure of the easiness of forming oxides) 1s
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equal to that of Bi, the oxides easily releases oxygen to be a
single element, and thus optical absorptance 1s 1mproved.
Moreover, the melting point of the element X 1s changed and
sensitivity can be improved.

The element such as L1, Na, Mg, K, Ca or P has a property
of easy vitrification under the presence of bismuth oxide. The
mechanism of vitrification 1s not clarified, but the easy vitri-
fication may possibly relate to improvement of sensitivity.

In case of the element such as Cu, Ag and Pd, which 1s
relatively difficultly oxidized, the element itself 1s hardly
oxidized, but B 1s easily oxidized, and thus oxygen 1n a Bi
oxide tends to be taken out. Consequently, the probability that
B1 1s present as metal becomes high. As a result, B1 and the
clement such as Cu, Ag and Pd are present as metal, and then
the sensitivity 1s improved.

The lanthanide series elements are more easily oxidized
than Bi. Bi1 1s easily present as a single metal, and may con-
tribute to improvement of sensitivity.

In a method of layer deposition such as a sputtering
method, a condition of excess oxygen can be made 1n a layer.
In this case, oxygen 1s present in a layer 1 an unstable con-
figuration such as interstitial oxygen, and an element X 1s
added 1n the layer so as to improve sensitivity. This 1s very
elfective.

The recording layer of the optical recording medium of the
present invention particularly preferably consists of either Bi,
B, O and Ge, or B1, B, O and Sn. However, impurities which
cannot be removed may be contained in the recording layer.

The recording layer 1n which Ge or Sn are added increases
optical absorption and 1mproves sensitivity, and exhibits
excellent property in high linear velocity recording. The
mechanism 1s not clarified, but oxidation of B1 1s suppressed
by adding Ge or Sn, and then Bi metal 1s easily deposited.
Therefore optical absorption 1s 1increased and sensitivity 1s
improved.

As can be seen from the result of Table 1 of Examples
hereinatter, broad recording power margin can be obtained by
using Ge or Sn as an element to be added, thus stable record-
ing 1s performed to thereby obtain a large eflfect.

The recording layer 1s generally formed by a sputtering
method. Conventionally, retlectance, jitter and recording sen-
sitivity have been optimized by the composition of the record-
ing layer and layer configuration. In the present invention, the
recording sensitivity can be controlled under an optimum
condition of Ar flow rate during recording layer deposition.
The production method 1s very efiective, because properties
can be controlled only by changing the Ar flow rate during
recording layer deposition.

In Example 1 described hereinaiter, changes in the opti-
mum recording power with changes 1n Ar flow rate during
recording layer deposition 1s shown 1n FIG. 2. As 1s clear from
FIG. 2, when Ar flow rate 1s small, sensitivity 1s poor. Because
the sensitivity increases as the Ar flow rate increases, the
recoding sensitivity can be controlled by controlling the Ar
flow rate.

(Sputtering Target)

A sputtering target of the present invention contains B1 and
B and further contains at least one element X selected from
Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn and N1. B1, B and X
are contained 1n a form of a single element, oxide and other
compound.

It 1s preferred that a constituent element be contained 1n the
form of a single element or an oxide in the sputtering target
when the sputtering target 1s used for forming the recording,
layer, because the recording layer of the optical recording
medium of the present invention 1s necessary to primarily
contain an oxide. However, when the sputtering target is
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contained as the single element, an oxide layer 1s necessarily
formed by adding oxygen during layer deposition.

A target 1n the form of an oxide may be preferably used 1n
order to contain a constituent element 1n the form of an oxide
in the recording layer. With a view to productivity, in order to
achieve reduction of a cost for productive facilities, downsiz-
ing an apparatus volume and simplification, a nonoxide target
having low resistance 1s preferably used for direct-current
sputtering. A layer containing an oxide 1s formed using a
target containing no oxygen or less oxygen under an oxygen-
introduced atmosphere during layer deposition, and then a
layer deposition rate can be improved.

Use of a target of alloy or compound, which consists o1 Bi,
B and X can be very effective. An oxide layer can be formed
under an atmosphere in which oxygen 1s introduced 1n addi-
tion to Ar during layer deposition. When the target has a
resistance of 10 £2cm or less, the direct-current sputtering can
be performed. The target having a resistance of 1 £2cm or less
1s preferably used, because the target becomes less likely to
change over time. Moreover, the target having a resistance of
0.1 Qcm or less 1s more preferably used because abnormal
discharge 1s less likely to occur, and then power supply volt-
age ol direct current can be increased, whereby the layer
deposition rate can be further increased. To obtain a target
having a resistance of 10 =cm or less, for example, a sub-
stance may be added to the target so as to impart conductivity,
or oxygen atoms 1n the target may be removed to reduce 1ts
clectrical resistance when the target 1s an oxide. Examples of
the substances capable of imparting conductivity include car-
bon, I'TO and metal. When direct-current sputtering 1s applied
to an oxide, the resistance 1s preferably as low as possible.
However, a target having a resistance of less than 10 C2cm 1s
not preferred, because an optical recording medium having
layers formed by using the target offers poor characteristics.
For this reason, a countermeasure should be taken, for
example, a layer 1s formed by mixing oxygen.

A target which can be magnetron-sputtered is preferably
used, because the layer deposition rate can be increased. The
magnetron sputtering can be applied to the target by means of
any one ol the following methods: preparing a sputtering
target consisting only of a non-ferromagnetic substance;
reducing magnetic permeability so as to leak magnetic flux to
a surface; making the sputtering target thinner so that mag-
netic flux 1s easily saturated; or making the sputtering target
into a shape or a structure that facilitates leakage of magnetic
flux. Moreover, when a non-ferromagnetic target 1s used, 1t 1s
formed so as to facilitate leakage of magnetic flux, or the
distribution of magnetic tlux 1n the non-ferromagnetic target
1s changed, and then use efliciency of the target and homoge-
neity of a layer formed from the target can be improved.

A sputtering target containing oxygen, and primarily con-
taining B1 and oxygen 1s preferably used. Here, the “primarily
contain” means that O makes up 55 atomic % to 62 atomic %
of all elements constituting the target, and that when the total
content of B1, B and X 1s assumed to be 100 atomic %, Bi
makes up 35 atomic % to 90 atomic %, and preferably 60
atomic % to 75 atomic %. In this case, B makes up 10 atomic
% to 55 atomic %, and preferably 20 atomic % to 30 atomic
%, and X makes up 2 atomic % to 40 atomic %, and preferably
S atomic % to 15 atomic %.

The target primarily contains oxygen, whereby temporal
change of the target 1s decreased, and the composition of
formed layer becomes more stable. Particularly, Ge, L1, Sn,
Cu, Fe, Pd, Zn, Mg, Nd, Mn or N1 contributes to high strength
of the target, and a layer 1s not easily damaged, even though an
applied power 1s increased to increase layer deposition rate.
An optical recording medium having a recording layer which
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1s formed by using the target, in which those elements are
added, has excellent properties, particularly excellent 1n high
linear velocity recording property.

Of these, a sputtering target consisting of B1, B, O and Ge,
or a sputtering target consisting of Bi, B, O and Sn 1s pre-
terred. However, impurities which cannot be removed may be
contained 1n the sputtering target. When the recording layer is
formed by using these sputtering targets, optical absorption of
the recording layer 1s increased and sensitivity 1s improved,
and then the recording layer 1s excellent 1n high linear veloc-
ity recording.

A sputtering target containing a composite oxide of Bi and
B 1s preferably used. Here, a composite oxide 1s defined as an
oxide which contains two ore more elements, for example, the
composite oxide of B1 and B means compounds such as
B1,B,0,, B1,B.O,,, and B1,,B,0,,. By containing a com-
posite oxide such as Bi1,B,0,, the strength of the target 1s
improved. This 1s considered that bonding 1s further strength-
ened because the target 1s present as a compound. The target
containing Bi14B,0, has high strength, and an optical record-
ing medium having a recording layer formed by using the
target contamning Bi1,B.0, exhibits particularly excellent
properties.

Additionally, a sputtering target containing a composite
oxide of B1 and X 1s preferably used. By contaiming the
composite oxide consisting of B1 and X, the elements are
strongly bonded. A layer preferably consists of only the com-
posite oxide, because 1t may obtain high homogeneity, and
improves the strength of the target. When the composite con-
tains a large amount of Bi, the strength of the target may be
often decreased. However, Bi1,,GeO,, contained in the com-
posite can prevent decrease of the strength.

The sputtering target 1s preferably crystalline. When the
sputtering target 1s amorphous, the target may be partially or
entirely crystallized due to rise of target temperature during
layer deposition. The layer property and composition may
differ, because the strength of atomic bond differs depending
on amorphous or crystal. The crystal may suppress temporal
change. Moreover, deviation of compositions and nonunifor-
mity of crystal structure can be suppressed by making a
crystal particle size and crystal size uniform, and finely divid-
ing crystals.

Moreover the sputtering target contains an element as an
oxide, and has oxygen content of the oxide which 1s smaller
than the stoichiometric composition. It 1s known that record-
ing property of the optical recording medium after layer
deposition may be improved by reducing oxygen 1n the com-
position of the recording layer, compared to the stoichiomet-
ric composition. A layer having a stable composition can be
formed by fixing the oxygen content in the target beforehand,
rather than by controlling the oxygen content by means of
introducing oxygen during layer deposition. Alternatively,
less amount of oxygen strengthen the crystal bonding force,
thereby improving target density, strength and layer deposi-
tion rate.

The sputtering target preferably has a packing density of
75% to 99%, and more preferably 89% to 99%. When the
sputtering target has a packing density of less than 75%, a low
packing density significantly decreases layer deposition rate
and makes a target itself fragile, thus many problems occur
such as target breaking during layer deposition.

(Method for Producing Sputtering Target)

A method for producing a sputtering target of the present
invention 1s a method 1n which the sputtering target of the
present nvention 1s produced by a sintering method, and
includes a step of removing moisture from a powder of raw
material, and further includes other steps 1f necessary.
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The sputtering target of the present invention contains B.
B0, 1s preferably used because 1t 1s relatively inexpensive as
a raw material containing B. However, B,O, easily absorbs
moisture, and thus the method preterably includes the step of
removing moisture. Thus, measurement errors of amount of
raw material can be decreased, and reproducibility of the
composition may be increased.

The method for producing the sputtering target of the
present invention 1s preferably a method 1n which a powder
containing B1,0;, B,O, and an oxide of X 1s sintered as araw
material. By the sintering method, a suitable target can be
produced even by using a raw material such as an oxide
having a high melting point. The powder of B1,0; and B,O,
has inexpensive because of i1ts readily availability. A target
having high strength can be easily obtained, because the
powder of B1,0, and B,O, has a relatively low melting point.
A powder of the oxide of X 1s advantageous 1n cost, provided
that a stmple powder 1s used. Due to hydrophilicity of B,O;,
the powder 1s pulverized by dry process or in an organic
solvent, and classified to obtain a powder having a uniform
particle size. Further, the powder 1s mixed and molded by
heating and pressing so as to adjust the shape, and then
calcined at a temperature kept at 650° C. 1n an atmosphere.
The strength of the target can be improved by repeating the
process 1 which once calcined powder 1s pulverized again
and molded by heating and pressing. In the case where the
target in which B,O; remains as a raw material absorbs mois-
ture, hygroscopicity may increase and the target quality may
be decreased. To prevent the decrease of the target quality, the
powder 1s mixed 1n a condition such that the powder does not
absorb moisture, and sintered at a temperature between the
melting point of B,O, and the melting point of B1,0;. The
obtained powder 1s pulverized again, molded by heating and
pressing, and then calcined to obtain a highly umiform target
and 1t 1s very eflective. Alternatively, the powder may be
pulverized while sintering at a temperature between the melt-
ing point ol B, O, and the melting point of B1,0,. Particularly,
it 1s important to include a step of completely removing B,O,
from the target. A raw material 1s mixed, and then pulverized
and granulated 1n an oxygen atmosphere while the tempera-
ture 1s kept between the melting point of B,O, and the melting
point of B1,0, so as to melt B,O,. The melted B,0O, 1s con-
tained 1in other materials and then easily reacted. After the
powder has been mixed and sintered, the target 1s then bonded
to a backing plate made ol oxygen-iree copper by metal
bonding or resin bonding to produce a sputtering target.

The rough flow of the production process may include
steps of weighing a raw material, mixing in a dry ball mill, hot
pressing, molding and bonding. Alternatively, the process
including steps of weighing, mixing in a wet ball mill, spray
drying, hot pressing, molding and bonding may be used.

In the optical recording medium of the present invention,
protective layers (a first protective layer or a second protective
layer) are preferably disposed on both surfaces of the record-
ing layer. These protective layers suppress deformation and
breaking of the recording layer, and have a function of accept-
ing melting, composition change and diffusion of the record-
ing layer. Moreover, 1n general, these protective layers pret-
crably pass through light of recording and reproducing
wavelength 1 order to improve reflectance, and the function
ol optical absorption relative to recording and reproducing
wavelength may be imparted to some extend so as to adjust
recording sensitivity.

Disposition of the protective layer allows to make the influ-
ence to deformation of recording marks very smaller than that
ol conventional optical recording media, and to prevent sig-
nificant increase of influence to deformation of recording
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marks due to increase of recording power at high linear veloc-
ity recording, thus it 1s effective for improvement of high
linear velocity recording property. Additionally, 1t 1s effective
for improvement of storage stability.

As matenals for the first and second protective layers,
sulfides are preferably used. A sulfide and the material of the
recording layer are mixed, reacted and mutually dispersed,
and thus recording marks can be easily formed 1n a good
condition so as to further speed up recording, thereby record-
ing sensitivity may be improved. However, this cause 1s not
clear. Moreover, because many sulfides are relatively soft,
stress caused by deformation of the recording layer during
recording may be easily reduced.

Examples of the sulfides include ZnS, CasS, SrS, B1S, GeS
and mixtures thereof. Further, the sulfides may be mixed with
oxides, nitrides and the like.

A matenal primarily containing ZnS and S10, 1s particu-
larly preferred in terms of transparency to recording and
reproducing light, and productivity. A maternal preferably
primarily contains S10,, ZrO2, Ta,O. or SnO, to obtain sui-
ficient adiabatic effect.

As the matenial for the first and second protective layer,
oxides, nitrides and carbides which are relatively hard and
have low reactivity may be preferably used, because distor-
tion, and composition change of the recording mark may not
easily occur after recording marks are formed, and addition-
ally decomposition, sublimation, hollowing may not occur by
heat of the recording layer.

Examples of the materials for the first and second protec-
tive layers include simple oxides such as Al,O,, MgO, ZrO.,,
SnO,, Nb,O., Ta,O., S10,, Y,O,, CeO,, ZnO, T10, and
In,O;; composite oxides of the aforementioned oxides, sili-
cate oxides such as 2Mg0.S10,, Mg0O.S10,, Ca0.S10.,,
/r0,.510,, 3Al1,0,.28510,, 2Mg0O.2A1,0,.5810, and
[1,0.A1,0,.4S810,; mitrides such as silicon nitride, aluminum
nitride, BN and TiN; carbides such as S1C, B,,C, T1C, WC and
amorphous carbon; composite compounds such as S10ON,
AION, S1AION, T10C and S10C.

Moreover, fluorides such as MgF,, and CaF, may be also
used, and borides may be also used by taking advantage of
hardness and high thermal conductivity.

Additionally, as the matenial for the first and second pro-
tective layers, organic materials such as dyes and resins can
be used.

Examples of the dyes include polymethine dyes, naphtha-
locyanine dyes, phthalocyanine dyes, squarylium dyes, chlo-
conium dyes, pyrylium dyes, naphthoquinone dyes,
anthraquinone dyes (indanthrene dyes), xanthene dyes, triph-
enylmethane dyes, azulene dyes, tetrahydrocholine dyes,
phenanthrene dyes, triphenothiazine dyes, azo dyes, forma-
zan dyes, and metal complex compounds thereof.

Examples of the resins include polyvinyl alcohols, polyvi-
nyl pyrrolidones, cellulose nitrates, cellulose acetates, ketone
resins, acrylic resins, polystyrene resins, urethane resins,
polyvinyl butyrals, polycarbonates, and polyolefins. Each of
these resins may be used alone or 1n combination with two or
more.

The first and second protective layers can be formed by
commonly used means such as vapor depositions, sputtering,
CVD, 1.e. Chemical Vapor Deposition, coating of a solvent or
the like. When a coating method 1s used, the above-noted
organic materials and the like are dissolved in an organic
solvent and the solvent 1s coated by commonly used coating
methods such as spraying, roller-coating, dipping, and spin-
coating.

The organic solvent used for the coating method 1s not
particularly limited and may be appropniately selected
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depending on the purpose. Examples of the organic solvents
include alcohols such as methanol, ethanol, and 1sopropanol;
ketones such as acetone, methyl ethyl ketone, and cyclohex-
anone; amides such as N,N-dimethylacetoamide and N,N-
dimethylformamide; sulfoxides such as dimethylsulfoxide;
cthers such as tetrahydrofuran, dioxane, diethyl ether and
cthylene glycol monomethyl ether; esters such as methyl
acetate and ethyl acetate; aliphatic halocarbons such as chlo-
roform, methylenechloride, dichloroethane, carbon tetra-
chloride and trichloroethane; aromatic series such as ben-
zene, Xylene, monochlorobenzene and dichlorobenzene;
cellosolves such as methoxyethanol and ethoxyethanol; and
hydrocarbons such as hexane, pentane, cyclohexane and
methylcyclohexane. Each of these may be used alone or in
combination with two or more.

The optical recording medium of the present invention 1s
preferably produced by disposing at least the second protec-
tive layer, the recording layer, the first protective layer and a
reflective layer over a substrate 1n this order. This layer con-
figuration enables to obtain the optical recording medium
having excellent sensitivity, capable of high linear velocity
recording, according to HD DVD-R standard.

FIG. 5 shows an example of a layer configuration of an
optical recording medium according to HD DVD-R standard,
a second protective layer 5, a recording layer 4, a first protec-
tive layer 3, a reflective layer 2 and an overcoat layer 7 over a
substrate 1 1n this order.

When a high numerical aperture lens 1s used to achieve
high density recording, at least the reflective layer, the first
protective layer, the recording layer, the second protective
layer and a cover layer are disposed over the substrate in this
order. This layer configuration enables to obtain the optical
recording medium having excellent sensitivity, capable of
high linear velocity recording, according to BD-R standard.

FIG. 6 shows an example of a layer configuration of an
optical recording medium according to BD-R standard, a
reflective layer 2, a first protective layer 3, arecording layer 4,
a second protective layer 5 and a cover layer 6 over a substrate
1 1n this order.

For the first protective layer and the second protective
layer, the same or different materials may be used. Moreover,
cach of the first and second protective layers 1s formed from
two or more layers to obtain a large effect.

For example, the first protective layer 1s formed from two
layers, and a preferable combination of layers 1s, for example,
a layer using a material containing a sulfide adjacent to the
recording layer, and a layer which does not contain a sulfide
adjacent to the reflective layer 1n terms of sensitivity and
storage property.

Materials for the substrate and cover layer are not particu-
larly limited and may be appropriately selected depending on
the purpose, as long as they have excellent thermal and
machine properties, and also have excellent light transmis-
s10n properties when recording and reproducing 1s performed
through the substrate. Specifically, examples thereof include
polycarbonates, polymethyl methacrylates, amorphous poly-
olefins, cellulose acetates and polyethylene terephthalate. Of
these polycarbonates and amorphous polyolefins are prefer-
able.

When a high numerical aperture lens 1s used to achieve
high density recording, a portion through which the repro-
ducing light passes 1s necessarily made thinner. With an
increasing numerical aperture, when the perpendicular direc-
tion to the plane of the disc deviates from the optical axis of an
optical pickup at a certain angle (tilt angle), aberration occurs.
The allowance 1n the aberration decreases with an increasing
numerical aperture. The t1lt angle 1s 1n proportional to the
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square ol the product of reciprocal of the wavelength of an
optical source and the numerical aperture of the objective lens
and 1s susceptible to the aberration due to the thickness of the
substrate. To reduce the influence of the aberration on the tilt
angle, a cover layer thinner than a normal substrate 1s dis-
posed and recording and reproducing 1s performed from the
side of the cover layer. As a result, high recording density
beyond BD-R standard can be achieved.

When recording 1s performed using near-field light, a thin
layer having a thickness of several to several tens of nanom-
cters 15 used as the cover layer. When this layer has a high-
refractive index, light 1s not diffused 1n the layer, and reaches
the recording layer while the light kept in a small spot, thereby
preferably used for high density recording. As a material for
the cover layer, hard and wear-resistant material having good
sliding property 1s preferably used because the cover layer 1s
formed 1 a thin layer. Examples thereol include silicon
nitride and diamond-like carbon.

For the reflective layer, metals such as Al, Al—T1, Al—In,
Al—Nb, Au, Ag, and Cu, semimetals, and alloys thereof may
be used. Fach of these materials may be used alone or in
combination with two or more. Of these, single metals such as
Ag, Cu, Al or alloys thereol may be preferably used 1n terms
of thermal conductivity and reflectance.

Examples of methods for forming the retlective layer using,
these materials include a sputtering method, 10n-plating
method, chemical vapor deposition and vacuum vapor depo-
s1t10m.

When the reflective layer 1s formed trom alloy, 1t 1s possible
to prepare 1t by using the alloy as a target material by sput-
tering. Besides, 1t 1s also possible to form the reflective layer
by tip-on-target method, for example, a Cu tip 1s placed on an
Ag target material to form the retlective layer, and by co-
sputtering, for example, an Ag target and a Cu target are used.

It 1s also possible to alternately stack low-refractive index
layers and high-refractive index layers using materials other
than metals to form a multi-layered configuration, which 1s
used as the reflective layer.

The retlective layer preferably has a thickness of 5 nm to
300 nm, and more preferably 30 nm to 90 nm for the best high
velocity recording property.

When the reflective layer contains Ag and the protective
layer 1s formed from a material contaiming S, a sulfuration
prevention layer may be provided between the retlective layer
and the protective layer to preventreaction between Ag and S.
As a material for the sulfuration prevention layer, oxides,
nitrides and carbides which have small optical absorption are
preferred. Examples thereol include nitrides primarily con-
taining S1N, oxides such as T10, and carbides such as SiC.

The sulturation prevention layer preferably has a thickness
of 2 nm to 7 nm. When the sulfuration prevention layer has a
thickness of less than 2 nm, the layer may be uneven and then
prevention effect may be lost. When the sulfuration preven-
tion layer has a thickness of more than 7 nm, retlectance and
recording sensitivity may be decreased.

A thick environmental protective layer 1s preferably
formed on the reflective layer. A material for the environmen-
tal protective layer 1s not particularly limited and may be
approprately selected depending on the purpose, provided
that the material can protect the reflective layer from external
forces. Various organic materials and inorganic materials are
used therefor. Examples of the organic materials include ther-
moplastic resins, thermosetting resins, electron beam curable
resins and ultraviolet curable resins. Examples of the 1nor-
ganic materials include S10,, S1;N,, MgF, and SnQO,.

Examples of methods for forming the environmental pro-
tective layer include coating methods such as spin-coating,
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casting; a sputtering method, and chemical vapor deposition.
Of these, spin-coating 1s preferably used.

When the thermoplastic resin or thermosetting resin 1s used
for the environmental protective layer, they are dissolved 1n a
suitable solvent, coated on the reflective layer and dried to
form the environmental protective layer. The environmental
protective layer using an ultraviolet curable resin can be
formed by directly coating the ultraviolet curable resin on the
reflective layer or dissolving the ultraviolet curable resinin a
suitable solvent to prepare a coating solution and coating the
coating solution on the reflective layer, and then applying
ultraviolet ray to the coating solution to harden 1t. As the
ultraviolet curable resins, for example, acrylate resins such as
urethane acrylates, epoxy acrylates, and polyester acrylates
can be used.

Each of these materials may be used alone or 1n combina-
tion with two or more and may be formed 1n not only a single
layer but also 1n a multi-layered configuration.

The environmental protective layer has a thickness ol prei-
erably 0.1 um to 100 um and more pretferably 3 um to 30 um.
The present invention can provide a write-once-read-many
optical recording medium having high sensitivity and suitable
for high linear velocity recording, and a sputtering target
suitable for producing the optical recording medium, particu-
larly, a sputtering target capable of improving layer deposi-
tion rate, has high strength during layer deposition, and high
packing density, and a method for producing the sputtering

target.

EXAMPLES

Hereinaiter, with reference to Examples and Comparative
Examples, the present invention will be explained in detail
and the following Examples and Comparative Examples
should not be construed as limiting the scope of the invention.
In a composition (atomic %) of a target for forming a record-
ing layer, the content of elements other than oxygen 1s ana-
lyzed by ICP (high frequency Inductively Coupled Plasma)
Emission Spectrometry, and the content of oxygen 1s ana-
lyzed by an 1nert gas melting infrared absorption method.

Example 1

—Production of Optical Recording Medium—

On a polycarbonate substrate provided with a groove
(groove depth of 21 nm, track pitch of 0.32 um) having a
thickness of 1.1 mm and a diameter of 120 mm (product
name: ST3000 by Te1jin-Bayer Politec Ltd.), a reflective layer
having a thickness of 60 nm and containing AgBi alloy (0.5
mass % of B1), a SiN layer having a thickness of 4 nm, a first
protective layer having a thickness of 15 nm and containming
/nS and S10, where ZnS:510,=80:20 (mole %), a recording
layer having a thickness of 16 nm and containing Bi—B—
Ge—O, and a second protective layer having a thickness of 75
nm and containing ZnS and S10, where ZnS:510,=80:20
(mole %) were formed 1n this order by sputtering (DC sput-
tering for layer deposition of AgB1 and AC sputtering for
layer deposition of others using DVD sprinter manufactured
by Oerlikon).

Further, a polycarbonate sheet (PURE-ACE by Tetjin
Chemicals Ltd.) having a thickness of 75 um was bonded on
the second protective layer using an ultraviolet curable resin
(DVDO003 by Nippon Kayaku Co., Ltd.) so as to form a cover
layer (optically transparent layer), thereby yielding a write-
once-read-many optical recording medium having a thick-
ness of approximately 1.2 mm. The recording layer was
tformed by using a target containing B1,- ,B,, :Ge, ;O 5.
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The write-once-read-many optical recording medium was
evaluated for a jitter value using an optical disc drive evalu-
ation device ODU-1000 manufactured by Pulstec Industrial
Co., Ltd. (wavelength of 405nm, numerical aperture NA of
0.85) by performing recording at a linear velocity of 4 times
the linear velocity (1x) used for a write-once-read-many Blu-
ray disc standard (BD-R Version 1.1). The write-once-read-
many optical recording medium had a recording density the
same as that of the write-once-read-many Blu-ray disc stan-
dard (BD-R Version 1.1).

As a result, a jitter value of 5.5% at an optimum recording
power ol 7.7 mW was obtained.

The write-once-read-many optical recording medium in
Example 1 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O0 containing-recording layer in
Comparative Example 1 described below.

Comparative Example 1

—Production of Optical Recording Medium—

On a polycarbonate substrate (product name: ST3000 by
Terjin-Bayer Politec Ltd.) provided with a groove (groove
depth of 21 nm, track pitch o1 0.32 um) having a thickness of
1.1 mm and a diameter of 120 mm, a reflective layer having a
thickness of 35 nm and containing AlT1 alloy (1.0 mass % of
T1), a first protective layer having a thickness of 10 nm and
containing ZnS and S10, where ZnS:S10,=80:20 (mole %), a
recording layer having a thickness of 16 nm and contaiming,
Bi1, B and O (a Bi—B—0 layer) and a second protective layer
having a thickness of 10 nm and containing ZnS and S10,
where ZnS:510,=80:20 (mole %) were formed in this order
by sputtering by means of the same apparatus and condition
as 1n Example 1.

Further, a polycarbonate sheet (PURE-ACE by Teijin
Chemicals Ltd.) having a thickness of 75 um was bonded on
the second protective layer using an ultraviolet curable resin
(DVDO003 by Nippon Kayaku Co., Ltd.) so as to form a cover
layer (optically transparent layer), thereby yielding a write-
once-read-many optical recording medium having a thick-
ness of approximately 1.2 mm. The recording layer was
formed by using a target containing Bi,. B, 0+ ;.

The write-once-read-many optical recording medium was
evaluated for a jitter value by performing recording in the
same manner as 1n Example 1.

As a result, a jitter value of 6.2% at an optimum recording
power of 10.2 mW was obtained.

Example 2

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced in the same manner as 1n Example 1, except that the
material of the recording layer was changed to Bi—B—Cu—
O.

The recording layer was formed by using a target contain-
g Biy; 4B, (Cu, 057,

The write-once-read-many optical recording medium was
evaluated for a jitter value using an optical disc drive evalu-
ation device ODU-1000 manufactured by Pulstec Industrial
Co., Ltd. (wavelength of 405 nm, numerical aperture NA of
0.83) by performing recording at a linear velocity of 2x on the
basis of the linear velocity of 1x used for a write-once-read-
many Blu-ray disc standard (BD-R Version 1.1). The write-
once-read-many optical recording medium had a recording
density the same as that of the write-once-read-many Blu-ray

disc standard (BD-R Version 1.1).
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As a result, a jitter value of 5.3% at an optimum recording
power ol 6.8 mW was obtained.

The write-once-read-many optical recording medium 1n
Example 2 could obtain high sensitivity and low jitter prop-
erty, compared to that in Comparative Example 2.

Comparative Example 2

—Production of Optical Recording Medium—

The write-once-read-many optical recording medium pro-
duced 1n Comparative Example 1 was evaluated for a jitter
value by performing recording in the same manner as in
Example 2. As a result, a jitter value of 5.7% at an optimum
recording power of 7.0 mW was obtained.

Example 3

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording in the same manner
asin Example 1, except that B—B—Fe—O was used instead
of Bi—B—Ge—0. As a result, a jitter value of 5.7% at an
optimum recording power of 6.8 mW was obtained. The 2 o
recording layer was formed by using a target contaiming
Biys 4B15 0t'€1 6050 6.

The write-once-read-many optical recording medium 1n
Example 3 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—0O containing-recording layer in
Comparative Example 1.

Example 4

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as in Example 1 and evaluated
for a jitter value by performing recording in the same manner
as in Example 1, exceptthat Bi—B—Pd—O was used instead
of B1—B—Ge—0. As a result, a jitter value of 5.4% at an
optimum recording power of 8.8 mW was obtained. The
recording layer was formed by using a target containing
Biy6.8B12.4Pd5 1 Osg 5.

The write-once-read-many optical recording medium 1n
Example 4 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—0O containing-recording layer in
Comparative Example 1.

Example 5

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording in the same manner
as in Example 1, except that Bi—B—7n—0O was used
instead of Bi—B—Ge—0. As aresult, a jitter value of 5.7%
at an optimum recording power of 6.4 mW was obtained. The
recording layer was formed by using a target contaiming
Biy6 0B 123405 ¢Osg -

The write-once-read-many optical recording medium 1n
Example 5 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—0 containing-recording layer in
Comparative Example 1.




US 8,227,067 B2

15

Example 6

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording in the same manner

as in Example 1, except that B—B—L1—0 was used instead
of Bi—B—Ge—0. As a result, a jitter value of 5.9% at an
optimum recording power of 7.9 mW was obtained. The
recording layer was formed by using a target contaiming
Biy6 681231115 1050 0.

The write-once-read-many optical recording medium in
Example 6 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O0 contaming-recording layer in
Comparative Example 1.

Example 7

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as in Example 1 and evaluated
for a jitter value by performing recording in the same manner
as in Example 1, exceptthat Bi—B—Sn—O was used instead
of Bi—B—Ge—0. As a result, a jitter value of 5.6% at an
optimum recording power of 8.2 mW was obtained. The
recording layer was formed by using a target contaiming,
Biy6 38121510, (Osg 6.

The write-once-read-many optical recording medium in
Example 7 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O0 contaming-recording layer in
Comparative Example 1.

Example 8

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording in the same manner
as 1n Example 1, except that Bi—B—Mg—0O was used
instead of Bi—B—Ge—0. As a result, a jitter value o1 5.7%
at an optimum recording power of 8.4 mW was obtained. The
recording layer was formed by using a target contaiming,
Bi,; B, sMg, Os5

The write-once-read-many optical recording medium in
Example 8 could obtain high sensitivity and low jitter, com-
pared to the write-once-read-many optical recording medium
having a B1-B-O containing-recording layer in Comparative
Example 1.

Example 9

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording 1n the same manner
as 1 Example 1, except that Bi—B—Nd—O was used
instead of Bi—B—Ge—0. As a result, a jitter value o1 6.0%
at an optimum recording power of 8.8 mW was obtained. The
recording layer was formed by using a target contaiming,
Biy6 4B 15 5Nd; 1050 3.

The write-once-read-many optical recording medium in
Example 9 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O0 containing-recording layer in
Comparative Example 1.
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Example 10

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as 1n Example 1 and evaluated
for a jitter value by performing recording in the same manner
as 1n Example 1, except that Bi—B—Mn—O was used
instead of Bi—B—Ge—O. As aresult, a jitter value of 5.8%
at an optimum recording power of 6.8 mW was obtained. The
recording layer was formed by using a target contaiming
Bi4 3B, oMn, (Oso 5

The write-once-read-many optical recording medium 1n
Example 10 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O containing-recording layer in
Comparative Example 1.

Example 11

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as in Example 1 and evaluated
for a jitter value by performing recording in the same manner
as in Example 1, except that B—B—Ni1—O was used instead
of B1—B—Ge—0. As a result, a jitter value of 5.9% at an
optimum recording power of 6.9 mW was obtained. The

recording layer was formed by using a target containing
Bi26.4B12.2Ni2.0059.4‘

The write-once-read-many optical recording medium 1n
Example 11 could obtain high sensitivity and low jitter prop-
erty, compared to the write-once-read-many optical recording
medium having a Bi—B—O containing-recording layer in
Comparative Example 1.

Comparative Example 3

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced 1n the same manner as in Example 1 and evaluated
for a jitter value by performing recording in the same manner
as in Example 1, except that Bi—Ge—O was used instead of
Bi—B—Ge—0O. As a result, a jitter value of 7.5% at an
optimum recording power of 6.7 mW was obtained. The
recording layer was formed by using a target contaiming
B1347Ge4 7060 6-

The write-once-read-many optical recording medium 1n
Comparative Example 3 did not obtain lower jitter value than
that of the write-once-read-many optical recording medium

having a Bi—B—Ge—0O containing-recording layer in
Example 1.

Example 12
—Production of Optical Recording Medium—

On a polycarbonate substrate provided with a groove
(groove depth of 26 nm, track pitch of 0.4 um), a second
protective layer having a thickness of 60 nm and containing
/ZnS and S10, where ZnS:S510,=80:20 (mole %), a recording
layer having a thickness of 15 nm and containing B1—B—
Ge—0O, a first protective layer having a thickness of 20 nm
and containing ZnS and S10, where ZnS:510,=80:20 (mole
%) and a reflective layer having a thickness of 80 nm and
containing Agln alloy (0.5 atomic % of In) were formed 1n
this order by sputtering by means of the same apparatus and
condition as in Example 1. The recording layer was formed by
using a target containing Bi1,-, (B, :Ge, [O<q .
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Next, on the retlective layer, an ultraviolet curable resin
(Nopcocure 134 produced by SAN NOPCO LIMITED) was
coated to form an organic protective layer having a thickness
of approximately 5 um by spin-coating, further a dummy
substrate having a thickness of 0.6 mm was bonded thereto
using an ultraviolet curable resin, thereby yielding a write-
once-read-many optical recording medium.

On the write-once-read-many optical recording medium
recording was performed using an optical disc drive evalua-
tion device ODU-1000 manufactured by Pulstec Industrial
Co., Ltd. (wavelength of 405 nm, numerical aperture NA of
0.65) at arecording density according to HD DVD-R standard
“DVD Specifications for High Density Recordable Disc (HD
DVD-R) Version 1.0” and a linear velocity of 4 times the
standard linear velocity (1x).

As a result, a PRSNR (Partial Response Signal to Noise
Rati0) value was 30.0 at an optimum recording power of 16.0
mw.

Comparative Example 4

—Production of Optical Recording Medium—

A write-once-read-many optical recording medium was
produced in the same manner as 1n Example 12, except that
the material ol the recording layer was changed to Bi—B—O.
The recording layer was formed by using a target containing
Biyg sB143057;.

The write-once-read-many optical recording medium was
performed using an optical disc drive evaluation device
ODU-1000 manufactured by Pulstec Industrial Co., Ltd.
(wavelength of 405 nm, lo numerical aperture NA of 0.65) at
a recording density according to HD DVD-R standard “DVD
Specifications for High Density Recordable Disc (HD DVD-
R) Version 1.0” and a linear velocity of 4 times the standard
linear velocity (1x).

As aresult,a PRSNR value was 27.4 at an optimum record-
ing power of 17.4 mW.

Example 13

—Production of Optical Recording Medium—

On a write-once-read-many optical recording medium
having the same layer configuration as that of Examples 1 to
11, the relation between an element X to be added and a
recording power margin was analyzed by performing record-
ing at a linear velocity of 4 times the linear velocity (1x) used
for a write-once-read-many Blu-ray disc standard (BD-R Ver-
sion 1.1). The results are shown 1n Table 1.

Here, “recording power margin” was defined in such a
manner that recording was performed by changing recording,
power to obtain respective jitter values, and each of the
recording powers was divided by optimum recording power
to obtain a standardized value, and then the relation between
the standardized value and the jitter value was obtained to
thereby define a range of recording power corresponding to
the jitter value of 6.5% or less as a recording power margin.
When the properties were changed by variation of laser power
for any reason, a broad recording power margin might not
generate error, and allowed to perform normal reproduction.
Theretore, the broad recording power margin was preferred.
For example, in FIG. 1, the optimum recording power 1is
located 1n a recording power of 1.0 mW. In FIG. 1, the jitter
value of 6.5% or less falls within a range of the recording
power 01 0.85 to 1.11, and then the recording power margin 1s

0.26.

10

15

20

25

30

35

40

45

50

55

60

65

18
TABL.

(Ll

1

Element X to be added Recording power margin

Ge 0.26
Cu 0.16
Fe 0.12
Pd 0.15
Zn 0.19
Li 0.1

Sn 0.24
Mg 0.1

Nd 0.13
Mn 0.19
Ni 0.16

As can be seen from the results of Table 1, the element
having a larger recording power margin was (approximately
0.10 or more) preferably used. Ge and Sn were particularly
preferably used, because the recording power margin ot 0.20
or more could be obtained.

Example 14

—Production of Sputtering Target 1—

Powders of B1,0,, B,O, and GeO, were weighed 1 a
condition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:Ge was 70:25:35, followed
by dry-mixing 1n a ball mill for 1 hour. The resultant powder
mixture was calcined at 450° C. for 1 hour, dry-mixed and
pulverized 1n a ball mill for 1 hour, and then molded under a
pressure of 100 MPa to 200 MPa, heated up at a rate of
temperature rise of 20° C./min., sintered at 650° C. for 8 hours
in an atmosphere by hot pressing to prepare a sputtering target
having a diameter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 1. Sputtering Target 1 had a packing density
of 94.0% and a composition of Bi,s (B, :Ge, ;0.4 ,. The
packing density 1s a relative density which 1s obtained by
comparison with a theoretical packing density, provided that
B1,0,, B,O, and GeO, were mixed at a predetermined ratio.

The crystal structure of Sputtering Target 1 was analyzed
by X-ray diffraction. Diffraction peaks of the resultant X-ray
diffraction pattern (FIG. 3) were collated with data of ICDD
card so as to 1dentily a crystal structure making up the target.
As a result, 1t was found that Sputtering Target 1 contained a
crystal structure of B1,,GeO,,, B1,B,0, and B1,0O,. That is,
Sputtering Target 1 contained B1,B,0O, which was a compos-
ite oxide of B1 and B, and B1,,GeO,, which was a composite
oxide of B1 and Ge.

The ICDD card (International Center for Diffraction Data
card) 1s a standard data for X-ray powder diffraction, in which
standard diffraction values of NBS (National Bureau of Stan-
dards) are added to an ASTM (American Society of Testing
Maternals) card, and formerly called as a JCPDS (Joint Com-
mittee of Powder Diffraction Standards) card.

Example 15

—Production of Sputtering Target 2—

Powders of B1,0;, B,O, and GeO, were weighed 1n a
condition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:Ge was 65:30:3, followed
by dry-mixing 1n a ball mill for 1 hour. The resultant powder
mixture was calcined at 450° C. for 1 hour, dry-mixed and
pulverized 1n a ball mill for 1 hour, and then molded under a
pressure of 100 MPa to 200 MPa, heated up at a rate of
temperature rise o1 50° C./min., sintered at 650° C. for 5 hours
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in an atmosphere by hot pressing to prepare a sputtering target
having a diameter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 2. Sputtering Target 2 had a packing density
of 84.6% and a composition of Bi,, B, -Ge, ;O 5. The
packing density was obtained in the same manner as in
Example 14.

The crystal structure of Sputtering Target 2 was analyzed
by X-ray diffraction. In the resultant X-ray diffraction pat-
tern, the crystal structure making up the target was 1dentified
in the same manner as 1n Example 14, and i1t was found that
the Sputtering Target 2 contained B1,B,0,, B1,0; and GeO,.

Example 16

—Production of Sputtering Target 3—

Powders of B1,0,, B,O, and GeO, were weighed 1n a
condition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:Ge was 65:25:10, fol-
lowed by dry-mixing in a ball mill for 1 hour. The resultant
powder mixture was calcined at 350° C. for 1 hour, dry-mixed
and pulverized 1n a ball mill for 1 hour, and then molded under
a pressure of 100 MPa to 200 MPa, heated up at a rate of
temperature rise of 150° C./min., sintered at 650° C. for 3
hours 1n an atmosphere by hot pressing to prepare a sputtering,
target having a diameter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 3. Sputtering Target 3 had a packing density
of 69.0% and a composition of Bi,. B, .,Ge, ;O -. The
packing density was obtained in the same manner as in
Example 14.

The crystal structure of Sputtering Target 3 was analyzed
by X-ray diffraction. In the resultant X-ray diffraction pat-
tern, the crystal structure making up the target was i1dentified
in the same manner as 1n Example 14, and i1t was found that
the Sputtering Target 3 contained B1,0; and GeO, and B,O,.

Example 17

—Production of Sputtering Target 4—

Powders of B1,0O;, B,O; and GeO, were weighed 1n a
condition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:Ge was 70:25:3, followed
by dry-mixing in a ball mill in an oxygen atmosphere for 1
hour. The resultant powder mixture was calcined 1n an oxygen
atmosphere at 400° C. for 1 hour, dry-mixed and pulverized in
a ball mill for 1 hour, and then molded under a pressure of 300
MPa, heated up to 780° C. at a rate of temperature rise of 50°
C./min 1n an oxygen atmosphere under an oxygen tlow, and
sintered at 780° C. 1n a normal pressure for 8 hours to prepare
a Sputtering Target 4 having a diameter of 200 mm and a
thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 4. Sputtering Target 4 had a packing density
of 86.0% and a composition of Bi,- B, .,G¢e, ;O4, . The
packing density was obtained in the same manner as in
Example 14.

In the theoretical stoichiometric composition, the content
of oxygen was 60.4 atomic % provided that Sputtering Target
4 contained B1,0;, GeO, and B,O;. The difference between
60.6 atomic % and 60.4 atomic % was only an error range.
Theretfore, Sputtering Target 4 could be considered to have a
stoichiometric composition.
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Example 18

—Production of Sputtering Target 5—

Powders of Bi1, B and Ge were weighed 1n a condition that
they were Iree from water absorption, and then mixed so that
the atomic ratio B1:B:Ge was 65:30:5, followed by dry-mix-
ing in a ball mill for 1 hour. The resultant powder mixture was
mixed 1n an aqueous solution of polyvinyl alcohol, granu-
lated, and then loaded in a mold made of carbon and sintered
at 260° C. 1 vacuo under a pressure of 300 MPa for 10 hours
by hot pressing to prepare a sputtering target having a diam-
cter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 5. Sputtering Target S had a packing density
o1 72.0% and a composition of Bi,; B, ;Ge. 4. The packing
density was obtained in the same manner as in Example 14.
The target 5 had a resistance of 1.3x107° Qm and could be
direct-current sputtered.

A resistance was measured by a four-terminal method.

By contrast, Sputtering Target 1, 2, 3 and 4 had a resistance
of 1 £2m or more, and could not be direct-current sputtered.

Comparative Example 5

—Production of Sputtering Target 6—

Powders of B1,0, and B,O, were weighed 1n a condition
that they were free from water absorption, and then mixed that
the atomic ratio B1:B was 2:1, followed by dry-mixing 1n a
ball mill for 1 hour. The resultant powder mixture was cal-
cined at 350° C. for 1 hour, dry-mixed and pulverized 1in a ball
mill for 1 hour, and then molded under a pressure of 100 MPa
to 200 MPa, heated up at a rate of temperature rise of 150°
C./min., sintered at 650° C. for 3 hours 1n an atmosphere by
hot pressing to prepare a sputtering target having a diameter
of 200 mm, and a thickness of 6 mm.

The target was then bonded to a backing plate made of lo
oxygen-iree copper by low-melting metal bonding to produce
Sputtering Target 6. Sputtering Target 6 had a packing density
o1 74.0% and a composition of Bi,, B, s0<- ,. The packing
density was obtained 1n the same manner as in Example 14.
<Comparison Between Sputtering Targets in Example 14 to
16 and that of Comparative Example 5>

The packing density and bending strength were compared
among Sputtering Target 1 to 3 and 6. The bending strength
was measured by means ol a three point bending test in a
condition that each of the sputtering targets was processed 1n
a shape of 4 mmx40 mmx3 mm, a distance between support-
ing points of 30 mm, at room temperature and a test rate 01 0.5
mm/min. The results are shown 1n Table 2.

TABLE 2

Substances consist of a Packing Bending strength

sputtering target density (%o) (kef/cm?)
Sputtering B1,B-0, 94.0 360
Target 1 Bi1,,GeO5,

B1,0;,
Sputtering Bi,B50, 84.6 118
Target 2 B1,0;

GeO,
Sputtering B1,0; 69.0 94
Tlarget 3 GeO,

B->0;
Sputtering Not measured 86.0 326
Target 4
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TABLE 2-continued
Substances consist of a Packing Bending strength
sputtering target density (%o) (kgf/cm?)
Sputtering Not measured 72.0 464
Target 5
Sputtering Not measured 74.0 38
Target 6

As can be seen from the results of Table 2, the target
contaiming Ge had high strength. Moreover, the target con-
taining both of B1,B,0, and Bi1,,GeO,, had still higher

strength.

Example 19

<Comparison Between Sputtering Target 1 and Sputtering
larget 4>

On a polycarbonate substrate provided with a groove
(groove depth of 21 nm, track pitch of 0.32 um) having a
thickness of 1.1 mm and a diameter of 120 mm (product
name: ST3000 by Teijin-Bayer Politec Ltd.), areflective layer
having a thickness of 60 nm and containing AgBi alloy (0.5
mass % of B1), a SiN layer having a thickness of 4 nm, a first
protective layer having a thickness of 15 nm and containing,
/nS and S10, where ZnS:S10,=80:20 (mole %), a recording
layer having a thickness of 16 nm and containing B1—B
Ge—O, and a second protective layer having a thickness o175
nm and containing ZnS and S10, where ZnS:S510,=80:20
(mole %) were formed 1n this order by sputtering by means of
the same apparatus and condition as 1n Example 1.

Further, a polycarbonate sheet (PURE-ACE by Teijin
Chemicals Ltd.) having a thickness of 75 um was bonded on
the second protective layer using an ultraviolet curable resin
(DVDO003 by Nippon Kayaku Co., Ltd.) so as to form a cover
layer (optically transparent layer), thereby yielding a write-
once-read-many optical recording medium having a thick-
ness of approximately 1.2 mm.

The recording layer was formed by using Sputtering Target
1 and 4.

The write-once-read-many optical recording medium was
evaluated for optimum recording power (mW) and a jitter (%)
using an optical disc drive evaluation device ODU-1000
manufactured by Pulstec Industrial Co., Ltd. (wavelength of
405nm, numerical aperture NA of 0.835) by performing
recording at a linear velocity of 4 times the linear velocity
(1x) used for a write-once-read-many Blu-ray disc standard
(BD-R Version 1.1). The write-once-read-many optical
recording medium had a recording density the same as that of
the write-once-read-many Blu-ray disc standard (BD-R Ver-
sion 1.1). The results are shown 1n Table 3.

TABLE 3
Optimum
recording Layer deposition rate (in
power Jitter case that Sputtering
(mW) (%0) Target 1 is defined as 1)
Sputtering Target 1 7.7 5.5 1
used for forming the
recording layer
Sputtering Target 4 8.9 6.0 0.8

used for forming the
recording layer

As can be seen from the results of Table 3, use of Sputtering
Target 1 for forming the recording layer could obtain rela-
tively better recording sensitivity (lower optimum recording,
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power), lower jitter value, and 20% {faster layer deposition
than use of Sputtering Target 4 for forming the recording
layer.

Example 20

Powders of B1,0,, B,O, and SnO., were weighed 1n a

condition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:Sn was 65:30:35, followed
by dry-mixing 1n a ball mill for 1 hour. The resultant powder
mixture was calcined at 500° C. for 1 hour, dry-mixed and
pulverized 1n a ball mill for 1 hour, and then molded under a
pressure of 100 MPa to 200 MPa, sintered at 650° C. for 5
hours 1n an atmosphere by hot pressing to prepare a sputtering
target having a diameter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
a sputtering target. The sputtering target had a packing den-
sity of 83.0% and a composition of B127.5B,, ,Sn, ,O., -.
The target had a bending strength of 214 kef/cm” as a result of
a three point bending test performed 1n the same manner as 1n
Table 2. The packing density was obtained 1n the same man-
ner as in Example 14.

Example 21

Powders of B1,0;, B,O; and ZnO were weighed 1n a con-
dition that they were free from water absorption, and then
mixed so that the atomic ratio B1:B:7Zn was 65:30:3, followed
by dry-mixing 1n a ball mill for 1 hour. The resultant powder
mixture was calcined at 500° C. for 1 hour, dry-mixed and
pulverized 1n a ball mill for 1 hour, and then molded under a
pressure of 100 MPa to 200 MPa, sintered at 650° C. 1n an
atmosphere by hot pressing to prepare a sputtering target
having a diameter of 200 mm and a thickness of 6 mm.

The target was then bonded to a backing plate made of
oxygen-iree copper by low-melting metal bonding to produce
a sputtering target. The sputtering target had a packing den-
sity of 90.0% and a composition of Bi,4 B3 ;Zn, ;O ..
The target had a bending strength of 393 kgf/cm* as a result of
a three point bending test performed 1n the same manner as 1n
Table 2. The sputtering target contaiming Zn remarkably
improved the strength of the sputtering target. The packing
density was obtained 1n the same manner as 1n Example 14.

Example 22

Powders o1 B1,0,, B,O, and an oxide X (where X 1s Ge, Zn
or Fe) were weighed 1n a condition that they were free from
water absorption, and then mixed so as to be a desired atomic
ratio of B1:B:X, followed by dry-mixing in a ball mall for 1
hour. The resultant powder mixture was calcined at 380° C. in
an atmosphere, mixed, pulverized and granulated 1n polyvi-
nyl alcohol, and then molded under a pressure of 250 MPa,
heated up at a rate of temperature rise of 50° C./min., sintered
at 650° C. for 5 hours 1n an atmosphere and normal pressure
to prepare sputtering targets having a diameter of 200 mm and
a thickness of 6 mm.

Each of these targets was bonded to a backing plate made
of oxygen-iree copper by low-melting metal bonding to pro-
duce sputtering targets.

Write-once-read-many optical recording media were pre-
pared and evaluated for an optimum recording power (mW) in
the same manner as 1n Example 19, except that a recording
layer was formed by using each of these targets and sputtering
target in Example 20, and that an ultraviolet curable resin

(KAYARAD BRD-807 by Nippon Kayaku Co., 1s Ltd.) was
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coated on a polycarbonate substrate having a thickness o1 1.1
mm (ITupilon H-4000 by Mitsubish1 Engineering-Plastics
Corporation) by spin coating so as to form a cover layer

having a thickness of 0.1 mm. The results and melting point of

respective targets are shown 1n Table 4 and FIG. 4.

Note that the compositions of the targets were shown only
by a ratio among Bi1:B:X (atomic %). The oxygen made up
approximately 55 atomic % to 62 atomic % of the entire
target, and smaller than a stoichiometric composition.
Because the oxygen content changed depending on combi-
nations of elements, 1t was not simply compared. Therelore,
the oxygen content was represented by O .

TABLE 4
Target Melting pomnt (° C.) Optimum recording power (Imw)
Bi45B30Zn50, 599.2 7.8
BissB3oFes0,, 620.3 8.4
BigoB,5GesO, 620.6 8.5
Bi45B5sGe 40, 652.4 8.8
Bi,5B10Ges0,, 651.8 8.6
Big5B 305150, 673.1 9.8

As can be seen from the results of Table 4 and FIG. 4, the
optimum recording power (recording sensitivity) increased
with increasing the elevation of the melting point. Therefore,
the melting point was preferably approximately 650° C. or
less.

Example 23

Sputtering targets having respective packing density
shown 1n Table 5 were produced 1n the same manner as 1n
Example 14, except that the temperature and time of calcining
were changed.

Write-once-read-many optical recording media were pro-
duced in the same manner as in Example 19, and evaluated by
performing recording using the same apparatus and in the
same condition as 1 Example 19, except that a recording

layer was formed by using each of the targets shown 1n Table
5, and that an ultraviolet curable resin (KAYARAD BRD-807
by Nippon Kayaku Co., Ltd.) was coated on a polycarbonate

substrate having a thickness of 1.1 mm (Iupilon H-4000 by
Mitsubishi Engineering-Plastics Corporation) by spin coat-
ing so as to form a cover layer having a thickness o1 0.1 mm.

The recording sensitivity (optimum recording power and
recording power margin) and productivity were evaluated.
The results are shown 1n Table 5.

The evaluation criteria for the recoding sensitivity were
defined as follows:

A: the optimum recording power was 10.5 mW or less, and
the recording power margin was 0.2 or more.

B: the optimum recording power was less than 10.5 mW,
and the recording power margin was less than 0.2.

The evaluation criteria for the productivity were defined as
follows:

A: the recording layer could be formed within 5 minutes
and no crack was generated in the target.

B: the recording layer could not be formed within 5 min-
utes, or even though the recording layer could be formed
within 5 minutes cracks were generated 1n the target.

TABLE 3
Packing density (%) Recording sensitivity Productivity
69 A B
74.6 A A
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TABLE 3-continued
Packing density (%) Recording sensitivity Productivity
88.2 A A
94.3 A A
98.9 A A
99.3 B A

The evaluation criteria for the recoding sensitivity were defined as follows:

A the optimum recording power was 10.5 mW or less, and the recording power margin was
0.2 or more.
B: the optimum recording power was less than 10.5 mW, and the recording power was less

than 0.2.

The evaluation criteria for the productivity were defined as follows:

A the recording layer could be formed within 5 minutes and no crack was generated in the
target.

B: the recording layer could not be formed within 5 minutes, or even though the recording
layer could be formed within 3 minutes cracks were generated in the target.

As can be seen from the results of Table 35, the higher
packing density the target had, the lower the recording sen-
sitivity became. When a target had a packing density of
approximately 99% or more, the recording power margin was
decreased. Therelfore, a target preferably had a packing den-
sity of approximately 99% or less. By contrast, when a target
had low packing density, cracks easily occurred 1n the target
and productivity decreased, for example the layer deposition
rate was reduced. Regarding productivity, it was found that a
target having high packing density was preferable, because
the layer deposition rate was increased and target had higher

strength.

Therefore, the packing density was preferably approxi-
mately 75% to 99%.

Itwas also found that the packing density and the recording,
sensitivity were correlated. The packing density and the
recording sensitivity are not generally correlated 1n a phase
change material used for the recording layer 1n an optical
recording medium. The correlation between the packing den-
sity and the recording sensitivity 1s inherent phenomenon 1n
the material of the recording layer 1n the present invention,
and this 1s a new findings as a result of consideration by the
inventors of the present invention.

Industrial Applicability
An optical recording medium of the present invention

enables to be recorded with high sensitivity over a wavelength
range for blue laser, and correspond to high linear velocity
recording, particularly suitable for a write-once-read-many
optical recording medium.

A sputtering target and a method for producing the sput-
tering target of the present invention enable to improve layer
deposition rate for improving productivity, strength during
layer deposition and packing density, and are preferably used
for producing the optical recording medium of the present
invention.

The mvention claimed 1s:

1. An optical recording medium comprising;:

a substrate; and

a recording layer over the substrate,

wherein the recording layer primarily comprises B1 and O,

and further comprises B and at least one element X
selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn

and Ni.
2. The optical recording medium according to claim 1,
wherein the recording layer comprises Bi, B, O and Ge.
3. The optical recording medium according to claim 1,
wherein the recording layer comprises Bi, B, O and Sa.
4. The optical recording medium according to claim 1,
further comprising a first protective layer and a second pro-
tective layer,
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wherein the first protective layer 1s disposed on one surface
of the recording layer and the second protective layer 1s
disposed on the other surface of the recording layer.

5. The optical recording medium according to claim 4,
wherein each of the first protective layer and the second
protective layer comprises a sulfide, oxide, nitride, carbide or
composite thereof.

6. The optical recording medium according to claim 4,
wherein at least one of the first protective layer and the second
protective layer comprises the sulfide.

7. The optical recording medium according to claim 6,
wherein at least one of the first protective layer and the second
protective layer comprises ZnS and S10,.

8. The optical recording medium according to claim 6,
wherein at least a reflective layer, the first protective layer, the
recording layer, and the second protective layer, and a cover
layer are disposed over the substrate in this order.

9. The optical recording medium according to claim 6,
wherein at least the second protective layer, the recording
layer, the first protective layer and a reflective layer are dis-
posed over the substrate 1n this order.

10. A sputtering target comprising B1, B and at least one
clement X selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd,

Mn and Ni.

11. The sputtering target according to claim 10, further
comprising O, wherein the sputtering target primarily com-
prises Biand O.

12. The sputtering target according to claim 11, wherein
the sputtering target comprises Bi, B, O and Ge.

13. The sputtering target according to claim 11, wherein
the sputtering target comprises Bi, B, O and Sn.

14. The sputtering target according to claim 11, wherein
the sputtering target comprises a composite oxide of Biand B,
and the element X i1s at least one element selected from Ge,
Sn, Cu, Pd, Zn, Nd, Mn and Ni.

15. The sputtering target according to claim 11, wherein
the sputtering target comprises a composite oxide of Bi and
the element X, and the element X 1s at least one element

E';elected from Ge, Sn, Cu, Pd, Zn, Nd, Mn and Ni.
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16. The sputtering target according to claim 15, wherein
the sputtering target comprises B1,,GeQ, .
17. The sputtering target according to claim 11, wherein
the sputtering target comprises B1 and O, and further com-
prises B and at least one element X selected from Ge, Sn, Cu,
Pd, Zn, Nd, Mn and N1, which are contained as an oxide, and
the oxide contains oxygen smaller than the stoichiometric
composition.
18. The sputtering target according to claim 10, wherein
the sputtering target has a packing density o1 75% to 99%, and
the element X 1s at least one element selected from Ge, Sn,
Cu, Pd, Zn, Nd, Mn and Ni.
19. A method for producing a sputtering target comprising:
mixing, pulverizing and granulating a powder of B1,0,, a
powder of B,O; and a powder of at least one element X
selected from Ge, L1, Sn, Cu, Fe, Pd, Zn, Mg, Nd, Mn
and N1 1n a condition that they are free from water
absorption so as to form granulated powders; and

sintering the granulated powders by heating and pressing,

wherein the sputtering target comprises B1, B and at least
one element X selected from Ge, L1, Sn, Cu, Fe, Pd, Zn,
Mg, Nd, Mn and Nu.
20. A method for producing a sputtering target comprising:
mixing a powder of B1,0;, a powder ol B,O; and a powder
of at least one element X selected from Ge, Sn, Cu, Pd,
/n, Nd, Mn and N1 1n a condition that they are free from
water absorption so as to form mixed powders;

pulverizing and granulating the mixed powders at a tem-
perature between the melting point of B,O; and the
melting point of B1,0, so as to form granulated pow-
ders:

molding the granulated powders by heating and pressing so

as to form a molded article; and

sintering the molded article without pressing,

wherein the sputtering target comprises B1, B and at least

one element X selected from Ge, Sn, Cu, Pd, Zn, Nd, Mn
and Ni.
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